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PREFACE 

In 1959, C. E. Bleil of C. M. applied the horizontal pull method 
to orystal growth of Ice and germanium. In order to remove the heat 
from coagulation in the growth site, solid materials directly in 

.... rf rt ... . . 

uneven cooling due to the imperfect contact among the solid materials 
themselves and as a result. there was a problem in the dimensional 

. ... of the wafer-like crystal. 

silicon with a high melting point and active chemical reactions at 
high temperature were found difficult to use. The rate of growth 
was also slow. As a part of tne Sunshine Plan, (Research and Devel- 
opment cf the Solar Ray Electricity Generation System), the silicon 
horizontal pulling ribbon crystal growth method has been researched 
and developed. Basically, it is a new version of the Bleil method. 
Figure 1 shows the principle cf the silicon horizontal pulling 
system. The salient points in the method are that, by applying 
some sort of device to spray noble gases to cool the situ of growth, 
(1) soft and uniform cooling was possible, (2) the length of the 
boundary surface of growth along the growth direction was made long 
over a wise width compared to the thickness, and (3) this maze it 
possible to effectively remove the heat produced from soliaifi -. 

ing forced gas spraying on the so] 
the points cf crystal growth, growth at the points of growth cun - 
u.-.aancod and the rate cf growth can be speeded up. 
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(1) development of recrystals. 

nt Of pulling out (Pit*. 2),. 

. 

Ihis is a bridging phenomenon between the recrystal developed at 
the point of pulling out during the beginning stage of operation and 
rear part of the growth boundary surface it 1. be lag 
pulled out. 

b) Growth bridge. 

Inis is phenomenon in which a stalagmite from the bottom of the 

he crystal bei 

2) leripheral recrystallization (top and side single crystal) 
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In this phenomenon, as the crystal is being pulled out, the 
recrystai develops at the top and around the side bridges over to 
the growth boundary surface because of the increased volume of 
coding gas. 

.. • ■ (fig. t ) . 
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(3) Polycrystailization (Fig. 5). 
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One particularly important problem to be overcome Tor the balanced 
lllng out is to control the rccrystallization around the 
. 

control of the circumference recrystallization development ar.d 
stabilisation of the growth site, the site of the pulling out r.elt- 
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rc/euteu i.i order to normalize the structure of the pulling cut bath 

heater, supplementary h 

balance. The cooling gas amount, the rate of pulling cut, the heating 

. , . I fo] . 

.... 

In 13"7, using the above mentioned methods of operation, a ribbon 
crystal longer than 70C mm was produced ana in 1973 a ribbon single 
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The result from the evaluation of the crystal characteristics and 
the result from the measurement of the test solar battery character- 
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growth direction resistance rate of the long size ribbon crystal. 
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FUTURE PROBLEMS 


Future problems include prevention of crystal bending caua>_.. by 
the "sway" during the pulling out operation for the long ribbon, 
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growth and obtain a wider area (for the ribbon), how to make 


tnmner wa:er ay h-gner speec, ana now to improve tne uimenslcnu* 
measurement precision . 
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